This study covers the evaluation of the structure and the capacity in adsorbing orthophosphate ions of kaolinites collected from sampling sites in Manaus (Brazil). The kaolinites were obtained using physical fractioning (sieving/siphoning) techniques and chemical treatment with HCl, H 2 SO 4 , H 2 O 2 and KCl. The investigation of the kaolinite lattices involved the Hinckley and Plançon indexes determined from X-ray diffraction data, Fourier transformed infrared spectroscopy, scanning electron microscopy and Mössbauer spectroscopy. The absorption capacity of orthophosphate ions was calculated by Freundlich and Langergren isotherms. A transitional state was observed in the crystallographic structure from kaolinites because of the isomorphic substitution of Al 3+ by Fe
INTRODUCTION
Kaolinite, a clay mineral formed by octahedral and tetrahedral sites (1:1), is the mineral that is most found in soil and sediment, mainly in humid tropical regions (Corrêa et al. 2008) . This clay mineral is a typical 1:1-type phyllosilicate with the chemical composition Al 2 Si 2 O 5 (OH) 4 . Its surface comprises aluminol groups (≡Al-OH) situated at the edges and the hydroxyl-terminated planes of the clay lamellae (Wei et al. 2014 ). On its basal surface there are permanent negative charges that are responsible for sorption of cations , (Tombácz et al. 2004 ) and silanol (≡SiOH) linked to the aluminol groups through hydrogen atom (Rehim et al. 2010) . Anion exchange capacity (AEC) occuring on the edges of the aluminosilicate sand layer is pHdependent. Kaolinite AEC increases with decreasing pH but never > 2.00 cmol kg -1 (Dixon 1989 ). On its silicate layer, kaolinite notably absorbs phosphates. When linked on edge, the phosphates increases the 1392 MARCONDES SILVA E SILVA et al.
reactivity of the kaolinite (Cui and Weng 2013).
The pH value has great influence on the capacity adsorption of ions by kaolinite: i) pH <4.0 adsorbs anions, ii) pH ~4.0 is PCZ of the kaolinite it does not adsorb ions and iii) pH> 4.0 adsorbs cations (Khawmee et al. 2013) . Specifically, the adsorption of phosphate occurs in pH 3.0-5.0 (Kamiyango et al. 2009 ) Malawi, has revealed high phosphate levels ranging from 0.63 to 5.50 mg/L. These phosphate levels would stimulate excessive growth of plants and toxic cyanobacteria in stagnant receiving water bodies hence posing a threat to aquatic life and water quality. Phosphate removal by kaolinite obtained from Linthipe, Malawi, was investigated as a function of pH, contact time, clay dosage, competing ions and initial phosphate concentration by means of jar tests. Phosphate uptake was pH dependent with adsorption mechanisms on kaolinite and iron oxide surfaces dominant generally below pH 7 and precipitation by calcium ions dominant above pH 7. Maximum phosphate removal occurred at high pH values of 11.22 (97.1% Obviously, the presence of substituents alters the particle size and crystallinity and consequently the ionic adsorption capacity of the kaolinite (Balan et al. 2000) .
Since phosphorus is one of the essential elements required for plant growth kaolinite and its modified forms provide an important control over the availability of this nutrient to the soil solution. Phosphate adsorption onto minerals is an important process that significantly affects the mobility and bioavailability of phosphorus in natural environments. Furthermore, the kinetics and thermodynamics studies from the adsorption process provide important outcomes on available phosphorus. Previous researchers have reported numerous kinetic models used to describe sorption processes. These include first-order, and secondorder reversible ones, and first-order and secondorder, irreversible ones, pseudo-first-order and pseudo-second-order ones based on the solution concentration (Adebowale et al. 2008) . The major contribution of this study is to provide data on crystallinity and interaction with orthophosphate by kaolinites extracted from Oxisoil and bottom sediment from the Central Amazonia.
EXPERIMENTAL PART

SAMPLES COLLECTION
Samples of Oxisoil located in S 03°02'55.3" and W 60° 04' 21,4" (Kao1) and bottom sediments in S 03° 08' 45.9" and W 60° 01› 05,4» (Kao2) and S 03° 05' 53.9" and W 59° 58› 15» (Kao3). Soil samples were collected from 40 to 80 cm depths (C horizon), classified according to their physical and chemical characteristics in yellow latosols, and sediment samples were collected from the bottom of streams.
PREPARATION OF FINER KAOLINITE
To begin, all samples are dried at room temperature for a week and sieved down to a size < 0.053 mm to obtain finer particles from the mixed deionized water (~1 L) with the Kao1, Kao2 and Kao3 at < 0.053 mm under shaker agitation and kept for 24 hours, according recommended by Couceiro and Santana (1999) . Then, the supernatant was siphoned and the residue dried at room temperature for 120 h and triturated in an agate mortar. Nearly 10.00 g of Kao1 with 100 mL of hydrochloric acid (1:1) were used in the treatment for the elimination of iron oxides such as hematite and goethite, a process which lasted for about 120 h. The separation of the residue occurred by centrifugation at 3,000 rpm (Damon/HN-SII) for 5 min and was washed thoroughly under manual shaking with demineralized water. About 10.00 g of Kao2 and Kao3, previously treated with hydrogen peroxide (30%), concentrated sulfuric acid and deionized water for removing organic matter receive the same separation treatment as Kao1. Aiming at maintaining the ionic equivalence among the samples, samples Kao1, Kao2 and Kao3 were kept and pH ~ 4.0, adjusted with HNO 3 at 0.1 mol L -1 .
According to Miranda-Trevino and Coles (2003) mainly as a result of the degree of weathering in the different compounds. Nevertheless, the kaolinite structure possesses great advantages in many processes due to its high chemical stability and low expansion coefficient. As a consequence of adsorption, the kaolinite structure and the soil solution pH will change. To analyze the adsorption behaviour of kaolinite, Pb, Zn and Cd were studied at three different concentrations (1, 2 and 3 mmol/l in pH 4.0 value the kaolinite superficial charge is altered to positive that is ideal for anions adsorption. Each isotherm comprised kaolinite mass from 0.050 to 0.500 g, ranging 0.05 g under agitation on shaker for 2 h and centrifugation at 3,000 rpm for 5 min. The supernatants were filtered on Millipore cellulose ester membrane with 45 mm in pore diameter and 47 mm (Santos et al. 2007 ). All the adsorption isotherms developed in triplicate. The kinetic curves for Kao1, and Kao2 Kao3 were carried out by the flask tanking standard KH 2 PO 4 solution with concentration at 3 mg L -1 , pH ~ 4 adjusted with HNO 3 to 0.1 mol L -1 . Each kinetic curve comprised kaolinite mass of 0.30 g under different times of agitation. The flasks were stirred in a shaker at intervals of 10 min and ranged from 0 to 120 min. After each interval, one flask was centrifuged at 3,000 rpm for 5 min. The supernatants were filtered on Millipore cellulose ester membrane with 45 mm in pore diameter and 47 mm (Santos et al. 2007 Where q e and q are phosphorus concentrations adsorbed in equilibrium in time t respectively, kl is the adsorption velocity constant. The kaolinite XRD presents (hkl) reflections commonly affected by structural defects. Among such reflections, we can distinguish those wherein k is multiple of 3, i.e., k = 3n (n = 1, 2, 3, ...) and those wherein k ¹ 3n. The existence within pilings of defects caused by displacements and/or rotations at the plane layers explains the multiple observed k. Therefore, the Hinckley and Liètard indices indicate that three kaolinites have important structural differences (Table II) . Typically the modifications occur in hkl where k ¹ 3n (n = 1, 2, 3, ...) suggesting loss of the crystallographic order and/or defects in the kaolinite structure caused by displacement type ± b/3 or ± 2/3 rotations. As the proportion of defects is reduced, it suggests the existence of k≠3n with a profile similar to the hkl reflections (Aglietti and Porto Lopes 1986) .
RESULTS AND DISCUSSION
According to the Hinckley index, the structural disorder of kaolinite is more noticeable for Kao1 and Kao2 than for Kao3. The structural disorder suggests the existence of weathering products from feldspars, which are precursors of kaolinites well and/or poorly ordered mainly along the b axis. The Liètard index shows a high number of The FTIR spectra shows absorption bands of stretching vibrational OH groups (internal and external) present in the octahedral sites (Figure 2 However, the relationship of intensity of the stretch bands 3619-3621 and 3696 cm-1 indicates diff erent levels of pleochroism for Kao1, Kao2, and Kao3. Kao1 presents an inversion of the intensity of the bands, i.e., absence of pleochroism caused due to rotation ±2π/3, as shown in the XRD (Aglietti and Porto Lopez 1986) . The ratio of intensity between the bands at 795 and 755 cm-1 also demonstrates loss of pleochroism. According to Deng et al. (2002) , it occurs because of the particle size reduction. The absence of the 3652 cm-1 band in Kao3 shows vibrations directly related to weak hydrogen bonds typical of kaolinite of low crystallinity and the three vibrational modes remaining indicate OH groups coupled with moments of transition in the d001 plane (Farmer 2000 , Frost et al. 2001 . The shape of the band that corresponds to the angular-displacement vibration in 938 cm -1 indicates a kaolinite with a low number of hydrogen bonds in octahedral surface ( Figure  2 ). The absorption band in 914 cm -1 relative to the angular-displacement vibration corresponds to the aluminol (Al-O-H) group. Furthermore, the O-H defects for Kao1 and Kao3 and average for Kao2 obeying the following order: Kao1 > Kao3 > Kao2. Alterations in the kaolinite structure occur due to the isomorphic substitution by Fe bond is unchanged for octahedral and tetrahedral sheets layers indicated by the stretching band at 3619-3621 cm -1 .
--------------%----------------
In the 1010 cm -1 region, the Kao1, Kao2, and Kao3 are varied by absorption band of Si-O stretch suggesting diff erent particle sizes as well as low crystallinity (Shoval et al. 1999) . It is interesting to note that the concentrations of SiO 2 and Al 2 O 3 are diff erent for Kao2 and Kao3, which suggests two types of kaolinite. The relative intensities of 468 (band angular vibration of Si-O) and 539 cm -1 (band angular vibration of Si-O-Si) showed that Kao1 has small amounts of Al 2 O 3 suggesting the existence of isomorphic substitution in the octahedral site. Therefore, the changes in the vibrational modes detected by the loss of pleochroism, diff erences in the angular vibration suggest that kao1 has changed its crystalline structure due to isomorphic substitution. The SEM of Kao1, Kao2 and Kao3 are typical of kaolinite (Figure 3 ). Kao1 presents groups and stacks in the form of pilasters and crystals in the form of lamellae. This structure called booklet with pictures and cylindrical vacancies, produces porosities in the kaolinite lattices while Kao2 presents rod-shaped forms of "stalactite", presenting better crystallinity. Kao3 shows strong placoid sheets, vertical growth toward the crystallographic c axis, showing mineral habit is not well defi ned. The mapping elements by EDS Kao1, Kao2 and Kao3 revealed that the predominant elements are Si, Al, O, Fe and Ti. The SEM shows that the morphology and particle sizes from Kao1, Kao2 Kao3 have several levels.
Mössbauer parameters and spectra at 298 K clearly show that Kao1, and Kao2 Kao3 possesses paramagnetic Fe 3+ , suggesting isomorphic substitution of Fe 3+ by Al 3+ in the octahedral sites ( Figure 4 and Table III) . Furthermore, the widest line (G = 0.62 and 0.71 mm s -1 ) indicate the presence of a triclinic kaolinite with layers infl uenced by diff erences in layer stacking of polytypes as well as by degree of layer stacking order. (Komusinski et al. 1981) .
Although the Mössbauer spectra showed that the majority of kaolinites contain divalent iron in octahedral coordination, there were no values of d = 1.130 ± 0.050 mm s -1 for the Fe 2+ substituted octahedral site. In turn, the orientation of the hydroxyl groups of octahedral sheets is determined by the stretching layer as well as by the symmetry of the crystal fi eld in which the Fe 3+ is located.
Mössbauer parameters found for Fe 3+ are characteristic of isomorphic substitution in position cis and trans-OH (Taneja and Raj 1993). Therefore, it is not only the structural diff erences of kaolinites caused by defects and diff erent octahedral shapes (Heller-Kallai and Rozenson 1981). Actually, the paramagnetic behavior observed reveals that kaolinite contains structural defects in its crystal lattice due to isomorphic substitution by Fe 3+ , causing disorder and changing the spin-spin interaction making the paramagnetic (Gaite et al. 1997) . Furthermore, the Mössbauer spectra are distinguishable showing polytypic modifi cations of kaolinite with diff erent line-widths. The presence of Fe 3+ forming OH-cis and OH-trans points out trapped hole centers in kaolinite structure, (Table IV) . The negative n values suggest low cis in the octahedral sites explains the retention of orthophosphate by Kao1 than Kao2 and Kao3. These fi ndings reveal that the iron in the kaolinite structure contributed with their chemical nature and high specifi c area as an important role in the transport and the removal of orthophosphate.
CONCLUSIONS
The mineral composition comprised kaolinite, quartz, gibbsite and goethite. As major element the EDS spectra and X-ray fl uorescence showed the prevalence of Al and Si.
The presence of goethite indicates that Kao1 and Kao3 are not as weathering as Kao2. XRD summarizes Kao1 and Kao2 as poorly crystallized/ ordering, while kao2 as crystallized/ordering. As a result of average particle reduction, FTIR showed a higher inversion of the vibration bands relative to the hydroxyl groups in the range of 3619-3696 cm 
